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\Mlract : The scattering differential cross sections for double photon Compton scattering have been measured for 0 662 MeV incident 
gamma photons on aluminium scatteier The two simultaneously emitted gamma photons in this higher order process are detccti^ in coincidence 
usrng two Nal(TI) scintillation spectrometers and 30 nsec timing electronics. Many systematic effects contributing to true cvenis have been taken 
into account. The measured values of scattering differential cross section agree with theory within experimental estimated error.
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i. Introduction
A non-linear QED process in which scattering o f a single 
incident photon by an electron into a flnal state consisting 
ut two photons is called double photon Compton scattering. 
This higher order process is believed to be well described 
bv the standard quantum electrodynamics and has not been 
subjected to extensive experimental study. An exact theory 
of this process is given by Mandl and Skyrme [1], Their is 
renewed interest in the experimental studies on this process 
because it is a major background process in the experimental 
study of another non-linear QED process namely photon 
splitting in elech'ic field o f heavy atoms. Moreover this effect 
provides a test o f QED implicitly and contributes appreciably 
to total scattering coefficients at higher incident photon 
energies.
Measurements conflnning the existence of this process 
have been given in a previous paper [2] to which we refer 
•bf literature on theoretical studies and preceding experimental 
faults of this process. The previous measurements [2-4] are 
<^ onfined to collision differential cross sections only. In the 
present work, the scattering differential cross sections arc 
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measured as a function of one o f the scattering angles for
0.662 MeV incident gamma photons; while one o f the 
emitted photons having energy in the range 50-100 keV is 
detected at 02 ~ H  ~  •'t/2, where O2 and ^ 2  specify the 
direction of emission o f the said photon. The present 
geometries are chosen because no data on scattering 
differential cross sections are available in case o f double 
photon Compton scattering.
2. Method of measurement
In the present measurements (details o f experimental set-up 
are given elsewhere [2]), the coincidence spectrum of one 
of the emitted photons, E\, is recorded for a fixed energy 
window of the second photon, £ 2 , on ND62 MCA, which 
is gated with the output o f the coincidence set-up. Both the 
detectors are biased above the K  X-ray energy (1.56 keV) 
of the aluminium scatterer. Four different angular positions 
of the detector A  have been selected and the corresponding 
energy spectra o f £i are recorded. An energy spread o f 50 
keV is selected to achieve a reasonable coincidence count 
rate (~5-10 counts per Ksec under the full energy peak). The 
coincidence spectra are recorded with and without aluminium
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scatterer in the primary incident gamma beam. The chance 
coincidence count rates in these measurements arc also 
recorded by introducing a suitable delay in one of the 
detecting channels, llie single photon Compton scattered 
spectrum of one of the detector D\ is recorded with the same 
aluminium scatterer in the primary beam. I he true coincidence 
spectrum due to double photon Compton scattering events 
is obtained by subtracting the contribution of target-out and 
chance coincidences from the observed target-in coincidences. 
As the probability for occurrence of this process being quite 
small, the experiment is run over a longer period of time 
(nearly 15 days for each thickness of aluminium scatterer) 
to achieve reasonable counting statistics. The calibration and 
stability of the system are checked regularly and adjustments 
are made if required.
The double photon Compton scattering cross sections 
refer to the amount of energy scattered in a particular 
direction and they describe the energy content of the photons 
which is scattered in a particular direction as a fraction of 
the incident intensity. The scattering differential cross section, 
(d^cxi)/dn]df^2dE2)scancrmg OT in short as diners), representing 
scattering or mere deflection of electromagnetic radiation 
(gamma rays) is given by the relation :
+ E2)/Eo}<daKN/dr2i >
X (1)
where N j  is true coincidence count rate per unit energy 
interval due to double photon Compton scattering events;
is the single photon Compton scattering count rate for 
the detector A ; apd f i j  are solid angles subtended by 
the two detectors at the scattering centre; < doK N ldQ x >  is 
the Klein-Nishina cross section for single photon Compton 
scattering in the direction o f detector A  and averaged over 
the subtended solid angle; A  being incident photon energy; 
£^(£i) and ^ (£ 2) are the efficiencies o f the two detectors for 
two emitted gamma photons having energies E\ and £ 2  
respectively, and e ’fJE') is efficiency o f detector A  
corresponding to energy £ ' direction o f the detector.
The quantities such as N a  and are measured 
experimentally. The solid angles are measured fix>m the 
geometry o f the experimental set*up. Independent energy 
levels o f second photon having energy £ 2  are evaluated as 
reported elsewhere [2]. Single i^oton Compton cross sections 
are calculated from the Klein*Nishina relation and detector 
efficiencies are calculated from the available literature.
3. Results and discussions
The observed coincidence spectra (such as shown in 
Figure I) are corrected for false and chance events. The
measured values o f energy o f one o f the emitted photons 
corresponding to the peaks observed in energy spectra are
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Figure 1. Energy distribution of £ | for £2 = 50-100 keV. The error ban 
represent statistical uncertainties only.
given in column 3 o f Table 1. The observed coincidence 
count rate per unit energy interval under the peak of 
recorded energy spectrum consists o f coincidences resulting 
from interactions in the target. These coincidences 
correspond to double photon Compton (DPC) scattering and 
Compton-bremsstrahlung (CB) events. Since the coincidence 
count rate due to DPC events varies linearly with target 
thickness and that for CB events varies quadratically, the 
observed coincidence count rate per unit thickness is 
plotted as a function o f target thickness and the extrapolation 
to unit taget thickness gives the coincidence count rate purelv 
due to DPC events. The maximum CB background amounts 
on the average to about 8.2% o f the DPC count rate for 
40 mg-cm'^ target thickness when detector Di is placed at 
45° to the incident beam.
Tabic 1. Present measured values of scattering differential cross sections 
per unit energy interval for double photon Compton scattering for 0 662 
MeV incident gamma photons at ^  «<>2 •  ii/2  and £2 “  50-100 keV The
Scattering angle ^^ Wdghied
(in keV) (in keV)
d(,oi) (x 10-“  cm* sr* 
Experimental
45“ 71.5 408.0 1.72 ± 0.20 181
70“ 71.5 290.0 1.16±0.I7 1 12
100“ 71.3 218.0 0.84 4:0.14 0 84
110“ 71.1 192.0 0.604 0.10 0.81
The scattering differential cross sections for double 
photon Compton scattering, for different angular positions 
o f detector A  are calculated from coincidence count rate due 
to DPC scattering, single photon Compton scattering 
rate and other required parameters. The measured values of 
the scattering differential cross sections are give"
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jolumn 4 of Table 1. Column 5 gives the corresponding 
alues calculated from theory for the same energy and 
direction of emission of scattered photons. The errors indicate 
IsQt^ tical uncertainties only.
overall error of nearly 25% is estimated in the present 
measurements and is due to statistical uncertainties in the 
coincidence count rate due to double photon Compton 
scattering events (-10-15%), single photon Compton 
Scattering count rate (-1%), solid angles (-2%), detector 
efnciencies (-5%) and scatterer thicitness (-1%). The 
maMnuiin uncertainty in the measurement of energy is 
estimated to be less than 2.0%. The self-absorption in the 
scatterer is estimated to be less than 1% for energies 
greater than 30 keV. The probabilities of photons being split 
bs the nuclear electrostatic field [5] and detector to detector 
scattering contribution to coincidences is almost negligible.
The efficiency of the fast coincidence set-up is almost 100%. 
Our measured results for scattering differential cross section 
decrease with increasing scattering angle 6\ and are in 
agreement wiA theory within experimental estimated error. 
These results provide true component of scattering due to 
this higher order process.
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